UNCLASSIFIED 


_ AD  NUMBER _ 

AD111465 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors;  Specific  Authority;  13 
FEB  1980.  Other  requests  shall  be  referred  to 
Army  Armament  Research  and  Development  Command, 
Picatinny  Arsenal,  NJ. 


_ AUTHORITY 

arradcom  ltr 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 
AD  NUMBER 


AD111465 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors;  Specific  Authority;  13 
FEB  1980.  Other  requests  shall  be  referred  to 
Army  Armament  Research  and  Development  Command, 
Picatinny  Arsenal,  NJ. 


FROM: 

Controlling  DoD  Organization:  Army  Feltman 
Ammunition  Laboratory,  Picatinny  Arsenal,  NJ. 
Oct  1956. 


_ AUTHORITY _ 

5  jun  1981  per  document  marking;  arradcom  ltr, 
13  feb  1980 


THIS  PAGE  IS  UNCLASSIFIED 


L  REPORT  2372 


//^  d/yr 

TECHNICAL 
v  LIBRARY 


:rt  nose  pads  and 

CONTROLLED  FUZING  TO  IMPROVE 


BERNARD  A.  RAUSCH 


OCTOBER  1956 


.  i 


degraded 


Uju 

LJ&Lj* 

p 

« 

Date 


SlL 


SAMUEL  FELTMAN  AMMUNITION  LABORATORIES 
PICATINNY  ARSENAL 
DOVER,  N.  J. 


ORDNANCE  PROJECT  TA1-5002H 

DEPT.  OF  THE  ARMY  PROJECT  5A04-01-001 


O! 


COPY 


-7/7  $ 


REGRADING  DATA  CANNOT  BE  PREDETERMINED 


■  ’  ■:■  ■  >;:;  <:$$?*.&;;■■■  ;**  :  *■  :*>:•:  s.:**:.--  rfrusw \  fe^Sp-i <*-*\£** n  ■  1%' 

'  ■  ■ ;  ••*<  .:  •;  ;-. 


AD-  111465 

security  remarking  requirements 

DOD  5200. 1-Rf  DEC  78 
REVIEW  ON  28  OCT  76 


THIS  REPORT  HAS  BEEN  DELIMITED 

k 

AND  CLEARED  FOR  PUBLIC  RELEASE 
UNDER  DOD  DIRECTIVE  5200,20  AND 
NO  RESTRICTIONS  ARE  IMPOSED  UPON 
ITS  USE  AND  DISCLOSURE, 

DISTRIBUTION  STATEMENT  A 

APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED, 


gjsa 


SEVERAL  CLASSIFICATION  SCHEDULE 


IN  ACCORDANCE  WITH 


SECURITY  PROGRAM  RECUSATION 


DATED  -  JULY  1S72 


DOB  5008.1  R  S  EXEGBTSVE  8R8E8 
[EXECUTIVE  ORDER  18501  WJ 


r  i  ' 

i  \  i  C. 


BY 

Defense  Bserantatien  Confer 
Defense  SrsppSf  Agency 
Cameron  Statieo 
Alexandria,  Virginia  22314 


BED  1S72 


#J>  //'  V ^ 


CONFIDENTIAL 


CORRECTION  SHEET 

Samuel  Feltman  Ammunition  Laboratories 
Picatlriny  Arsena I 
Dover,  N.  J. 


®*  6  SS-1  PV 


REPORT  NUMBER 
REPORT  DATE 
AUTHOR 
TITLE 


TR  2372 
October  1956 
Bernard  Rausch 

Use  of  Inert  Nose  Pads  and  Controlled  Fuzing  to  Improve 
HEP  Shell  Performance  (C) 


Please  correct  the  Picatinny  Arsenal  report  identified  above  as  shown  below: 


Page  Par. 

Table  of  Fig  3 
Contents 

1  Summary 

2  1 

4  Table  1 

7  Table  4 

12  18 

22  Fig  3 


Correction 

Change 

From:  Modified  M91A1  Base-Detonating  Fuze 
To:  M91A1  Base-Detonating  Fuze 

Change 
From:  1300 
To:  2000 

Change 
From:  1500 
To:  2000 

Change  Lot  PA-E- 18581, Filler  and  Fuze  Column 
From:  Inert  Nose  pad.  Comp  A*3  and  Mod  M91A1 

To:  Inert  nose  pad.  Comp  A-3  and  M91A1 

Change  Lot  PA-E-18580  Filler  and  Fuze  Column 
From:  Comp  A-3  and  M91A1 

To:  Comp  A-3  and  Mod  M91A1 

Change  1st  sentence 

From:  The  fuzes  used  in  Lots  PA-E-18581  and  -18582  were 
modified,  in  accordance  with  Figure  3?  to  have  an 
average  percussion  plunger  travel  of  .030  inch  ("A" 
dimension  ,480  inch). 

To:  The  fuzes  used  (Lots  PA-E-18581  and  18582)  were 

^91 A 1  Base  Detonating  Fuzes  (Fig  3),  modified  to 
have  an  average  percussion  plunger  travel  of  .030  inch. 

Substitute  enclosed  Dwg  73-2-239  for  Dwg  P-87758 


Correction  Dote 


0EC  1  : 


19  November  1956  s~b  n 

5  6  A 


CONFIDENTIAL 


L  IT  HIM 


1 


,aV 


CONFIDENTIAL 

DDC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  BF035N 

AD-  111  465  19/1  19/4 

PICATINNY  ARSENAL  DOVER  N  J  FELTMAN  RESEARCH  LABS 

USE  OF  INERT  NOSE  PADS  AND  CONTROLLED  FUZING  TO 

IMPROVE  HEP  SHELL  PERFORMANCE  (C) 

OCT  56  IV  RAUSCH,  BERNARD  A.; 

REPT.  NO.  TR2372 
PROJ :  TA 1  5002H 

EXCL.  CONFIDENTIAL  REPORT 


DESCRIPTORS:  *  ARMOR ,  *HIGH  EXPLOSIVE  AMMUNITION, 

♦VULNERABILITY,  EFFECTIVENESS,  PROJECTILES,  TESTS 


(M) 


% 


t 


UNCLASSIFIED 


Doc  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  BFK34D 

,  9rl 

AD-  111  465  19/1  19/4  (J 

PICATINNY  ARSENAL  DOVER  N  d  FELTMAN  RESEARCH  LABS 


Use  of  Inert  Nose  Pads  and  Controlled 

Fuzing  to  Improve  HEP  Shell  Performance.  (U) 


OCT  56  24P  RAUSCH, BERNARD  A.; 

REPT.  NO.  TR2372 
PROd:  T  A 1  5002H 


unclassified  report 


C-H02. 


o 


DESCRIPTORS!  *  ARMOR .  *HIGH  EXPLOSIVE  AMMUNITION, 

•  VULNERABILITY,  EFFECTIVENESS,  PROdECTILES,  TESTS  (  U) 


J 


1 


USE  OF  INERT  NOSE  PADS  AND  CONIROLIED  FUZING 

TO  IMPROVE  HEP  SHELL  PERFORMANCE  (C) 


by 


Bernard  A.  Rausch 


October  1956 


Picatinny  Arsenal 
Dover,  N.  J. 


This  document  contains  information  affecting  the 
national  defense  of  the  United  States  within  the 
meaning  of  the  Espionage  Laws,  Title  18,  U.  S. 
C.,  Sections  793  and  794.  The  transmission  or 
the  revelation  of  its  contents  in  any  manner  to 
an  unauthorized  person  is  prohibited  by  law. 


Technical  Report  2372 

Ordnance  Project  TA1-5002H 

Dept  of  the  Army  Project  5A04- 
01-001 


Approved: 

D.  R.  BEEMAN 
Acting  Director, 

Samuel  Feltman 
Ammunition  Laboratories 


REGRADING  DATA  CANNOT  BE  PREDETERMINED 


c 


L 


< 


TABLE  OF  CONTENTS 

Page 


Object  1 

■Summary  1 

Conclusions  1 

Recommendations  1 

Introduction  2 

Results  2 

Discussion  of  Results  3 

Experimental  Procedure  11 

References  13 

Distribution  List  23 

Table  1  Results  of  All  Firings  Against  3-Inch 

Armor  Plate  4 

Table  2  Firings  Against  4-Inch  Armor  Plate  5 

Table  3  Average  Functioning  Times  6 

Table  4  Weights  and  Velocities  of  Spalls  7 

Table  5  Damage  Inflicted  by  Shell  Containing 

Inert  Nose  Pads  9 


Table  6  Results  of  Functioning  Test,  Lot  PA-E-18579  14 
Table  7  Results  of  Functioning  Test,  Lot  PA-E-18580  15 
Table  8  Results  of  Functioning  Test,  Lot  PA-E-18581  16 


REGRADING  DATA 


>>TrTnirrmTifti 

>ATA  CANNOT  BE  PREDETE 


ERMINED 


i  dm . .  i 


> 


TABLE  OF  CONTENTS 


Page 


Table  9  Results  of  Functioning  Test,  Lot  PA-E-18582  17 

Table  10  Functioning  Tests  Against  4-Inch  Armor  Plate  19 

Fig  1  Original  ^esign  of  T17QE3  HEP  Shell  20 

Fig  2  Loading  Assembly  of  T17CE3  HEP  Shell, 

Design  No.  2  21 

Fig  3  Modified  M91A1  Base-Detonating  Fuze  22 


1 1  ml** 

REGRADING  DATA  CANNOT  BE  PREDETERMINED 


cJTTnufcimpij'iL 


« 


OBJECT 


To  determine  the  effect  of  using  inert  nose  pads  and  selectively 
assembled  modified  M91A1  BD  fuzes  on  the  ability  of  T170E3  76  mm  HEP-T 
shell  to  defeat  armor  plate. 

SUMMARY 

It  is  well  known  that  Composition  A-3  loaded  HEP  shell  are  not  ef¬ 
fective  at  striking  velocities  above  about  1500  fps  and  at  low  armor 
plate  obliquities  (approximating  0°).  Under  such  conditions  the  shell 
filler  deflagrates  before  it  can  be  detonated  by  the  fuze.  The  use  of 
inert  nose  pads  to  reduce  the  energy  imparted  to  the  explosive  upon  im¬ 
pact  and  of  fuze  modifications  to  bring  about  quicker  and  less  variable 
fuze  functioning  time  were  considered  as  promising  solutions  to  this 
problem.  Inert  nose  pads  had  been  previously  tested  and  been  found  to 
successfully  prevent  deflagration  at  striking  velocities  as  high  as 
2600  fps.  As  a  result  of  this  work,  a  more  extensive  series  of  tests 
using  inert  nose  pads  and  fuzes  with  more  consistent  and  rapid  initiation 
times  was  indicated. 

In  the  limited  number  of  tests  conducted,  76  mm  T170E3  HEP  shell  with 
inert  nose  pads  and  either  standard  or  modified  M91A1  BD  fuzes  produced 
spalls  at  a  striking  velocity  of  approximately  2800  fps  and  0°  obliquity 
from  3-inch  armor  plate  in  all  cases.  Against  3-inch  plate  at  60°  ob¬ 
liquity,  only  shell  with  the  inert  nose  pad  and  modified  fuze  produced 
spalls  in  all  cases  at  a  striking  velocity  of  approximately  2800  fps. 
Against  4- inch  armor  plate  at  a  striking  velocity  of  approximately 
2800  fps  and  0°  obliquity,  only  those  shell  with  inert  nose  pads  and 
modified  fuzes  produced  spalls  in  all  cases.  At  a  striking  velocity  of 
approximately  1100  fps  and  0°  obliquity,  shell  with  standard  fuzes  and 
shell  with  inert  nose  pads  and  modified  fuzes  both  produced  spalls  in  all 
cases  from  3-inch  armor  plate  and  occasionally  from  4-inch  armor  plate; 
at  this  velocity  and  60°  obliquity  none  of  the  shell  produced  spalls. 

CONCLUSIONS 


T170E3  76  mm  HEP  shell  with  inert  nose  pads  and  modified  M91A1  BD  fuzes 
will  consistently  defeat  3-inch  armor  at  0°  and  60°  obliquity  when  fired 
at  approximately  2800  fps.  These  shell  and  fuzes  will  also  defeat  4- inch 
armor  at  a  striking  velocity  of  approximately  2800  fps  and  0°  obliquity. 

recommendations 


Various  configurations  and  heights  of  inert  nose  pads  should  be  in¬ 
vestigated  with  the  purpose  of  obtaining  optimum  HEP  shell  performance, 
particularly  at  higher  striking  velocities. 

Standard  M91A1  BD  fuzes  should  not  be  used  for  tests  of  HEP  shell  at 
striking  velocities  of  over  2000  fps. 
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INTRODUCTION 


1.  Poor  and  inconsistent  results  are  usually  obtained  when  test 
shell  containing  HEP  fillers  are  fired  at  high  striking  velocities 
(greater  than  about  1500  fps)  and  at  low  armor  plate  obliquities 
(approximately  0°).  To  prevent  deflagration  (functioning  of  the  shell 
filler  upon  impact  with  the  target  plate  before  the  fuze  has  had  time 
to  act),  which  was  believed  to  be  responsible  for  these  failures, 

nose  pads  nade  of  an  inert  material  were  consolidated  in  the  nose  of  the 
shell.  The  effect  of  this  technique  was  to  cushion  and  delay  impact 
between  the  explosive  filler  and  the  target,  thus  allowing  more  time  for 
the  fuze  to  initiate  shell  functioning. 

2.  Results  of  tests  previously  conducted  (Ref  1)  indicated  that 

76  mm  T170E3  HEP-T  shell  containing  nose  pads  of  90/10  potassium  sulfate/ 
barium  stearate  or  82/9/9  potassium  sulfate/barium  stearate/desensitizing 
wax  and  a  main  charge  of  Composition  A-3  would  not  deflagrate  and  would 
produce  spalling  at  striking  velocities  as  high  as  2600  fps.  It  was 
evident  that  a  more  extensive  series  of  tests  should  be  conducted  to 
determine,  for  various  striking  velocities,  both  the  low  and  high  velocity 
functioning  characteristics  of  HEP  shell  containing  nose  pads..  At  the 
same  time,  it  was  felt  that  experimentation  should  also  cover  the  use  of  a 
redesigned  M91A1  BD  fuze  with  a  more  consistent  and  rapid  initiation  time. 
Picatinny  Arsenal  has  been  instrumental  in  the  development  of  such  a  fuze 
(Refs  2  and  3)*  It  was  assumed  that  the  combination  of  an  inert  nose  pad, 
delaying  deflagration  at  the  plate,  and  faster  fuze  reaction,  making  the 
shell  function  in  a  shorter  average  time,  would  reduce  the  incidence  of 
deflagration  and  increase  HEP  shell  effectiveness. 

3.  This  report  contains  the  results  of  an  investigation  of  the  per¬ 
formance  of  76  mm  T170E3  HEP-T  shell  containing  inert  nose  pads  and 
Composition  A-3  when  assembled  with  standard  M91A1  BD  fuzes  and  with 
modified  M91A1  BD  fuzes,  and  gives  the  results  of  test  firings  at  both 
low  and  high  striking  velocities,  and  at  both  low  and  high  angles  of 
obliquity  against  3-inch  and  4-inch  armor  plate. 

RESULTS 


4«  Four  experimental  lots  of  HEP-T  shell  were  loaded,  two  (Lots 
PA-E-18579  and  PA-E-18580)  with  Composition  A-3  only  and  two  (Lots 
PA-E-18581  and  PA-E-18582)  with  inert  nose  pads  and  Composition  A-3. 

Lots  PA-E-18579  and  PA-E-18581  were  assembled  with  standard  M91A1  BD 
fuzes  and  the  remaining  2  lots  with  modified  M91A1  BD  fuzes.  These 
projectiles  were  conditioned  for  a  period  of  at  least  16  hours  at  a  tem¬ 
perature  of  70°F,  were  assembled  into  complete  rounds  with  the  propelling 
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charges  required  to  produce  the  desired  striking  velocities,  and  were 
fired  at  0°  and  60°  obliquity  against  3- inch  plate.  The  armor  plate 
used  had  Charpy  values  ranging  from  IS  to  51  ft-lb  at  -40°F.  The  re¬ 
sults  of  these  firing  tests  are  reported  in  Ref  4  and  are  summarized 
in  Table  1,  p  U>  and  given  in  detail  in  Tables  6,  7>  8,  and  9  at  the 
end  of  this  report. 

5.  A  number  of  shell  from  each  group  were  fired  at  0°  obliquity 
and  at  striking  velocities  of  about  2800  fps  and  about  1100  fps  against 
4-inch  armor  plate.  The  results  of  these  firing  tests  are  given  in  de¬ 
tail  in  Table  10.  A  summary  of  these  results  is  shown  in  Table  2,  p  5« 

6.  Functioning  times,  from  the  moment  of  impact  of  the  shell  with 
the  target  plate  till  appearance  of  the  flash  caused  by  shell  detona¬ 
tion,  were  measured  for  a  number  of  shell  in  each  of  the  four  groups. 
These  times  are  given  in  Table  3,  P  6. 

7.  The  spall  velocities  and  spall  weights  were  recorded  for  a  number 
of  shell  in  each  of  the  four  groups.  These  values  are  given  in 

Table  4,  p  7. 


DISCUSSION  OF  RESULTS 

8.  The  results  summarized  in  Table  1  indicate  that,  regardless  of 
the  type  of  fuze  used,  76  mm  HEP  shell  containing  inert  nose  pads  will 
defeat  3-inch  armor  plate  consistently  at  a  plate  obliquity  of  0°  and 
striking  velocities  of  over  2800  fps.  Shell  without  inert  nose  pads 
will  not  produce  spalls  regularly  under  these  conditions.  It  is  also 
to  be  noted  that,  when  shell  containing  inert  nose  pads  are  fired 
against  3-inch/00  obliquity  armor  plate  at  striking  velocities  averag¬ 
ing  2800  fps,  the  spalls  produced  are  larger  in  diameter  and  comparable 
in  depth  to  any  which  have  been  recorded,  regardless  of  the  striking 
velocity  used.  This  is  an  indication  that  a  greater  amount  of  the  en¬ 
ergy  of  the  detonation  had  been  effectively  used  to  cause  plate  defeat 
in  shell  of  this  group  than  in  the  other  shell  tested.  In  addition, 
only  shell  of  Lot  PA-E-18582  (which  contained  nose  pads  and  modified 
fuzes)  succeeded  in  consistently  spalling  3-inch  armor  plate  placed  at 
60°  obliquity  at  striking  velocities  of  the  order  of  2800  fps.  It  ap¬ 
pears  that,  under  conditions  of  high  striking  velocity  and  high  or  low 
obliquity,  a  marked  improvement  in  HEP  shell  effectiveness  can  be  ob¬ 
tained  by  using  an  inert  nose  pad.  A  further  increase  in  the  function¬ 
ing  efficiency  of  this  type  of  shell  can  be  realized  by  using  a  modified 
fuze. 
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Results  of  All  Firings  Against  3- Inch  Armor  Plate 

Obliquity,  Average  Striking  Spalls/Rounds  Average  Spall  Size 
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Firings  Against  4- Inch  Armor  Plate 
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*0nly  one  value  was  recorded  under  these  conditions 
#*One  low  value  of  46  microseconds  was  obtained 


Weights  and  Velocities  of  Spalls 
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9.  Results  of  firing  tests  against  4-inch  plate  (summarized  in  paragraph 
5)  show  a  definite  superiority  in  the  performance  of  shell  of  Lot  PA-E-18582. 
These  shell  with  inert  nose  pads  and  modified  fuzes  defeated  4-inch  armor 
plate  having  a  Charpy  value  of  51  ft-lb  at  -40°F.  It  appears  possible  on  the 
basis  of  these  limited  tests  that  76  ram  shell,  when  redesigned  to  include 
inert  pads  and  modified  M91A1  BD  fuzes,  can  consistently  defeat  4- inch  armor 
plate  at  high  velocities  and  high  and  low  obliquities.  It  is  probable  that 
the  use  of  inert  nose  pads  and  modified  fuzes  in  shell  of  higher  caliber  would 
increase  the  armor-defeating  capabilities  of  such  shell. 

10.  It  is  significant  that,  at  striking  velocities  of  about  1100  fps  and 
obliquities  of  60°,  failure  to  spall  was  observed  in  every  group  tested.  How¬ 
ever,  a  more  careful  analysis  of  the  firing  data  (see  Table  5,  P  9)  indicates 
that  shell  containing  inert  nose  pads  did  not  damage  the  armor  plate  to  as 
great  a  degree  as  shell  without  inert  nose  pads.  Work  has  been  reported  (Refs 
2  and  3)  in  which  Composition  A-3  loaded  HEP  shell  with  modified  fuzes  were 
fired  at  striking  velocities  of  about  1000  fps  and  60°  obliquity.  In  these 
firings  16  out  of  17  shell  succeeded  in  spalling  armor  plate.  The  seven¬ 
teenth  shell  caused  a  hinged  spall  on  the  armor.  %  comparison,  very  poor 
results  were  obtained  with  shell  of  Lots  PA-E-13581  and  -18582.  This  can 
probably  be  attributed  to  the  presence  of  inert  nose  pads  in  these  shell 
which,  at  these  low  velocities,  prevent  adequate  quantities  of  explosive 

from  contacting  the  plate  before  fuze  initiation  occurs.  This  decreases  the 
amount  of  energy  transferred  to  the  plate.  At  low  velocities,  shell  con¬ 
taining  inert  nose  pads  also  have  a  tendency  to  skid  along  the  plate  making 
it  even  more  difficult  for  adequate  contact  to  be  established  between  the 
shell  filler  and  the  plate. 

11.  Table  1  shows  that  none  of  the  groups  tested  at  striking  velocities 
of  approximately  1100  fps  and  60°  obliquity  produced  spalls.  Since  this  in¬ 
effectiveness  of  76  mm  HEP  shell  at  high  angles  of  obliquity  when  striking 
at  low  velocities  may  be  encountered  in  other  calibers,  all  future  programs 
for  the  development  of  HEP  shell  should  include  tests  at  high  angles  of  ob¬ 
liquity  over  the  entire  range  of  striking  velocities  likely  to  be  required 
by  the  using  services. 

12.  An  analysis  was  made  of  the  fuze  functioning  time  data  recorded  in 
Tables  6  through  10  and  summarized  in  Table  3«  It  was  noted  that: 

a.  Rize  functioning  times  were  longest  at  the  lower  striking 
velocities  but,  because  recorded  data  were  limited,  no  definite  conclusion 
could  be  drawn  as  to  the  effect  of  plate  obliquity  on  fuze  functioning  time. 


8 


REGRADING  DATA  CANNOT  BE  PREDETERMINED 


Angle  of  Extent  of 

Hinged  Hinge,  Crack  in  Bulge 

Lot  PA-E-  Filler  and  Fuze  Spalls  degrees  Bulges  degrees 
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#Two  bulges  were  not  cracked 
•B-frThese  bulges  were  slight 


b.  At  a  striking  velocity  of  approximately  1200  fps,  inert 
nose  pad-loaded  shell  assembled  with  modified  M91A1  BD  fuzes  and 
fired  against  armor  plate  at  60°  obliquity  had  faster  functioning 
times  than  the  same  shell  fuzed  with  standard  M91A1  BD  fuzes: 


Standard  Modified 

Fuz  e  Fuze 


Shell  Tested 

5 

4 

Average  Functioning 

Time,  microsec 

312 

248 

Standard  Deviation, 

microsec 

12 

24 

Against  60°  oblique  armor  plate  at  a  striking  velocity  of  approximately 
2800  fps,  inert  nose  pad-loaded  shell  had  approximately  the  same  func¬ 
tioning  times  whether  thqy  were  assembled  with  standard  or  with  modified 
M91A1  BD  fuzes: 


Standard  Modified 

Fuze  Fuze 

Shell  Tested  3*  9 

Average  Functioning 

Time,  micro  sec  193  184 

Standard  Deviation, 

microsec  8  12 


*A  fourth  shell,  which  had  an  abnormally 
low  functioning  time  of  46  microseconds, 
was  not  considered 


As  the  striking  velocity  increased  frcm  about  1200  fps  to  about  2800  fps 
the  disparity  in  functioning  times  between  shell  assembled  with  stand¬ 
ard  fuzes  and  shell  assembled  with  modified  fuzes  decreased.  At 
2800  fps  the  shell  loaded  with  modified  fuzes  functioned  about 
faster  than  standard-fuzed  shell  while  at  1200  fps  the  former  func¬ 
tioned  about  25£  faster  than  the  latter. 
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13.  Two  shell  containing  Composition  A-3  and  assembled  with 
standard  fuzes  and  3  shell  containing  Composition  A-3  and  assembled 
with  modified  fuzes  failed  to  cause  spalling  vhen  fired  against 

4- inch  armor  plate  at  2800  feet  per  second  striking  velocity.  The 
functioning  times  recorded  for  these  5  shell  averaged  only  31 
microseconds  which  is  a  definite  indication  that  shell  functioning 
began  as  a  result  of  impact  before  the  fuze  could  cause  initiation 
(Ref  5).  In  direct  contrast  is  the  behavior  of  a  group  of  5  shell 
containing  inert  nose  pads  and  modified  fuzes.  These  shell 
spalled  4-inch  armor  plate  in  every  case  and  had  functioning  times 
averaging  167  microseconds.  Ihis  indicates  that  the  effectiveness 
of  HEP  shell  can  be  increased  by  using  inert  nose  pads.  Results  of 
firing  inert  nose  pad-loaded  shell  with  standard  fuzes  were  poor; 
only  1  of  4  rounds  spalled  4-inch  armor.  It  appears  that  because 
of  the  inferior  results  experienced  at  higfc  striking  velocities 
and  high  obliquities  against  4-inch  armor,  the  use  of  standard 
M91A1  BD  fuzes  should  be  discontinued  in  all  further  tests  under 
these  firing  conditions. 

14.  Because  of  the  high  cost  of  press-loading,  efforts  have 
been  made  to  develop  a  castable  explosive  charge  for  HEP  shell. 

In  recent  tests  (Ref  6),  76  mm  T170E5  shell  were  cast-loaded 
with  75/25  octol  (HMX/TNT)  and  fired  so  as  to  strike  normal  to 
3-inch  armor  plate.  At  velocities  of  2000  fps  to  2400  fps,  8 

out  of  12  of  these  shell  (which  did  not  have  inert  nose  pads)  pro¬ 
duced  spalls.  In  view  of  these  test  results,  further  work  on 
HEP  shell  containing  inert  nose  pads  should  include  castable 
fillers.  Various  configurations  and  heights  of  pressed  and  cast 
inert  nose  pads  should  also  be  investigated. 

EXPERIMENTAL  PROCEDURE 


15.  The  following  materials  were  used: 

a.  Composition  A-3,  conforming  to  Specification  JAN-C-440, 
31  January  1947. 

b.  Potassium  sulfate,  conforming  to  Specification 
JAN-P-193,  20  July  1953,  except  for  the  granulation  which  was  as 
follows : 
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c.  Barium  stearate,  conforming  to  Specification  JAN-B-366, 

15  July  1946. 

d.  Desensitizing  wax,  conforming  to  Specification 
PA-PD-535,  15  September  1954- 

16.  Shell  of  Lots  PA-E-18579  and  -18580  were  loaded  with  Compo¬ 
sition  A— 3,  in  accordance  with  Figure  1,  in  5  increments  of  12,  12, 

10,  6,  and  4  ounces.  Each  increment  was  consolidated  with  a  punch 
2.04  inches  in  diameter  at  a  pressure  of  8000  psi  (13.0  tons  dead 
load).  Shell  of  Lots  FA-E-18581  and  -18582  were  loaded  in  accord¬ 
ance  with  Figure  2.  Che  10-oz  increment  of  82/9/9  potassium 
sulfate/barium  stearate/desensitizing  wax  was  placed  in  the  nose  of 
the  shell,  followed  by  4  increments  (12,  11,  7,  and  6  ounces)  of 
Composition  A-3.  Each  increment  was  consolidated  with  a  punch 
2.04  inches  in  diameter  at  a  pressure  of  8000  psi  (13.0  tons  dead 
load). 

17.  The  desensitizing  wax  used  in  the  inert  mixture  was  chilled 
with  dry  ice  and  shredded  in  a  Stokes  oscillating  granulator  to 
obtain  20-mesh  wax.  The  potassium  sulfate  and  barium  stearate  were 
blended  with  the  wax  by  mixing  in  a  rotating  drum. 

18.  The  fuzes  used  in  Lots  PA-E-I858I  and  -18582  were  modified, 
in  accordance  with  Figure  3,  to  have  an  average  percussion  plunger 
travel  of  .030  inch  ("A"  dimension  .480  inch).  This  is  .060  inch 
shorter  than  the  average  plunger  travel  of  the  standard  M91A1  fuze. 
Plunger  travel  is  the  distance  of  travel  of  the  firing  pin  point 
from  the  armed  position  to  the  sensitive  surface  of  the  detonator. 

19.  The  fuze  functioning  times  were  obtained  by  means  of  a  streak 
camera.  An  insulated  copper  screen  was  placed  against  the  plate  at 
the  point  of  impact.  From  this  copper  screen  a  lead  was  run  to  a 
Microflash  unit  connected  in  series  with  a  high  voltage  source  grounded 
to  the  armor  plate.  When  the  round  was  fired,  the  projectile  shorted 
the  copper  screen  with  the  plate  thus  setting  off  the  Micro flash  unit 
whose  flash  was  recorded  on  the  streak  film  as  zero  time.  Timing  lines 
of  10-kilocycle  frequency  were  placed  on  the  film  by  an  oscillator.  The 
flash  caused  by  shell  detonation  was  also  recorded  and  the  time  inter¬ 
val  between  the  2  flashes  measured.  An  intermediate  streak  caused  by 
plate  flash  was  disregarded  when  measuring  the  fuze  functioning  time. 

20.  All  shell  were  fired  from  a  76  mm  T124E2  gun  (using  M6  pro¬ 
pellant  of  Lot  RAD-38038  with  a  web  of  .0300  inch)  at  a  range  of  300 
feet . 
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Results  of  Functioning  Test,  Lot  PA-E- 18579 
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REGRADING  DATA  CANNOT  BE  PREDETERMINED 


HS  -  Hinged  spall 
BWC  -  Bulge  with  crack 
SB  -  Small  bulge 
VSB  -  Very  small  bulge 
VVSB  -  Very  very  small  bulge 
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XJ 


against  3-inch  homogeneous  plate  having  an  average  Charpy  value  of  49  ft-lbs  at  -40°F 
Propellant  used  was  Lot  RAD-38038,  web  ,0300  inch 

Facial  impressions  obtained  at  60°  plate  obliquity  were  elliptical.  Diameter  measurement  shown  is  the 
average  of  major  and  minor  diameters 

bnly  one  part  of  spall  recovered 
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Functioning  Tests  Against  4- Inch  Armor  Plate* 
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Fig  1  Original  Design  of  T170E3  HEP  Shell 
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Fig  2  Loading  Assembly  of  T170E3  HEP  Shell,  Design  No. 


£22214 
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Fig  3  Modified  M91A1  Base-Detonating  Fuze 
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